Abstract: In this proceeding, we give a summary of the new published or preliminary experimental results on charm studies at Belle experiment at KEKB. It mainly includes three parts: (1) D 0 -D 0 mixing and CP violation.
Introduction
Belle experiment at KEKB, an asymmetric-energy e + e − collider, located at Tsukuba in Japan, and has the world highest peak luminosity 2.1 × 10 34 cm −2 s −1 , collected most data at or near the Υ(nS) resonances (n=1, 2, 3, 4, 5) with integrated luminosity about 1 ab −1 . Belle detector has good momentum resolution and vertex resolution and can separate kaon and pion mesons up to ∼ 3.5 GeV/c. A detailed description of Belle detector can be found in Ref. [1] .
In this proceeding, we give a summary of the new published or preliminary experimental results on charm studies at Belle since last PhiPsi workshop in 2013. It mainly includes three parts: D 0 -D 0 mixing and chargeconjugation and parity (CP) violation, D 0 rare decay and charmed baryons spectroscopy.
D 0 -D 0 mixing and CP violation
Since D 0 -D 0 mixing, as the only up-type quark meson mixing, has already observed with the confidence level of more than 5σ in single decay channel [2] [3] [4] in recent years, all open-flavored neutral meson mixing phenomena, originated from the difference between the flavor and mass eigenstates of the meson-antimeson system, are well established. The mixing is described by two parameters, x = ∆m/Γ and y = ∆Γ/(2Γ), where ∆m and ∆Γ are the mass and width differences between the two mass eigenstates and Γ is the average decay width of the mass eigenstates. The mixing parameters x and y are difficult to calculate. The Standard Model (SM) predicts that D 0 -D 0 mixing can occur via short distance effects and long distance effects and is strongly suppressed to ∼ 1% in charm system.
There are three types of CP violation (CPV) according to their different sources: (1) in the decay (direct CPV): |Āf /A f | = 1; (2) in the mixing (indirect): r m = |q/p| = 1; (3) in the interference between mixing and decay: arg(q/p) = 0. Here we defined the amplitude of D 0 decays: f |H|D 0 = A f , f |H|D 0 =Āf . The status of all experiments referred to HFAG [5] has shown in Table 1 . We can see only one single decay channel has given the observation measurement for D 0 -D 0 mixing and two or three decay channels given the evidence for D 0 -D 0 mixing and CPV. We need to give the observation or evidence in more channels.
Wrong-sign decay
Belle gave the first observation of D 0 -D 0 mixing for an e + e − collision experiment by measuring the timedependent ratio of
decay rates using a data sample of integrated luminosity 976 f b −1 . We tag the RS and WS decays through the decay chain 
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Here the effective mixing parameters x and y are defined in Eqn.(2) with the strong phase difference δ between the DCS and CF decay amplitudes. Fig. 1 . The left figure show the time-dependent ratio of WS to RS decay ratios fits with(solid) and without(dashed) the mixing hypothesis, the right figure shows the (x 2 , y ) plane with best-fit point and contour.
We firstly obtain the ratio of signal and background by ∆M fit, where ∆M is the
where L is the vector joining the decay and production vertices of the D 0 , p is the D 0 momentum. Our fits to the time-dependent ratios of WS to RS decays, after the time resolution thought about, are shown in Fig 
Self-conjugated decay
We describle the decay amplitudes for D 0 or aD
, we can derive the time-dependent decay rates for D 0 andD 0 decays to the final state f as
here the unit of time t is D 0 lifetime τ . if no CPV allowed, |q/p| = 1 and arg(q/p) = 0.
We analyse a data sample of 921 f b −1 recorded at or near Υ(4S) and at Υ(5S) resonances. We reconstruct the D 0 mesons through the decay chain
, where the charge of π s is used to tag the flavor of the D meson. We determine the signal yield from a two-dimensional fit to M − Q distribution, where dependent widths, and Zemach tensors for angular dependence for the P-and D-wave decays. For ππ S-wave dynamics, we adopt the K-matrix formalism with Pvector approximation. For K 0 S π S-wave, we use LASS model at production experiment with an effective range non-resonant component.
In time-dependent Dalitz plot fitting, we set the free parameters to be (x, y), the D 0 lifetime τ , the time resolution function parameters and the amplitude model parameters. We extract the mixing parameters x = (0.56 ± 0.19)% and y = (0.30 ± 0.15)% with the statistical correlation coefficient between x and y of 0.12. The DP distribution and its Dalitz variables projections are shown in Fig.2 and the D 0 proper time projection is shown in Fig.3 .
We also search for CPV with CPV parameters |q/p| and arg(q/p) included in the fit. The values for the mixing parameters from the this fit are essentially identical to the ones from the CP-conserved fit. The resulting CPV parameters are |q/p| = 0.90
o . We consider serval contributions to the experimental systematic uncertainty. By exploring the negative log-likelihood distribution on the plane of mixing parameters, we draw the two-dimensional (x, y) confidence level contours for both the CP-conserved and CPV-allowed fits shown in Fig.3(right) . The final fit results for CP-conserved and CPV-allowed both are listed in Table. 2. Table 2 .
Fit results for the mixing parameters x and y from the CP-conserved fit and the CPVallowed fit. 
Belle measured of D 0 −D 0 mixing in decays to CP eigenstates 
−1 is equal to the mixing parameters y if CP is conserved. If the CP is violated, the lifetime of D 0 andD 0 decaying to the same CP eigenstates also differ and the lifetime asymmetry, defined as
becomes non-zero. and A Γ in bins of cos θ * are shown in Fig.4 . The values obtained with a least-squares fit to a constant are y CP = (+1.11 ± 0.22 ± 0.09)% with a significance of 4.7σ and A Γ = (−0.03 ± 0.20 ± 0.07)%.
Search for CPV in
In the SM, CPV in singly Cabbibo-suppressed (SCS) charm decays arises due to interference between the tree and loop(penguin) amplitudes and is suppressed to ∼ 10 
where N rec is the number of reconstructed signal events, includes three contributions: the underlying CP asymmetry A CP , the forward-backward asymmetry(A F B ) due to γ−Z 0 interference in e + e − → cc and higher-order QED effects, and the detection asymmetry between positively and negatively charged pion(A πs ). The last contribution depends on the transverse momentum p πs T and polar angle θ πs of the slow pion and is independent of the final state. We thus extract A CP and A F B using
and from the weighted average over the | cos θ * | bins, we obtained asymmetry shown in Fig.5 . We identify three significant sources of systematic uncertainty, for detail see Ref. [13] . Thus the asymmetry obtained in the rate of D 0 andD 0 decays to π 0 π 0 final state: A CP (D 0 → π 0 π 0 ) = (−0.03 ± 0.64 ± 0.10)%, is consistent with no CP violation. This result constitutes an order of magnitude improvement over the exisiting result. We also present an updated measurement of the CP asymmetry in
Flavor changing neutral current (FCNC) processes are forbidden at tree level in SM although they can occur at higher orders. The rare decay D 0 → γγ, mediated by a c → uγγ transition, has very small short distance contributions but there can be large long-distance effects owing to the contributions of intermediate vector mesons. We search for D 0 → γγ using an 832.4 f b −1 of data sample collected near the Υ(4S) and Υ(5S) resonances.
To reduce large combinatorial backgrounds arising from random photon combinations, we require that the D 0 be produced in the decay 
where N and are the signal yield and detection efficiency of the respective channels. Using the two-dimensional fit of M (γγ) and ∆M , we find 4±15 signal, 210±32 peaking and 2934±59 combinatorial background events, respectively, shown in Fig.6 . In absence of a statistically significant signal, we derive an upper limit at 90% CL on the signal yield N 90% U L = 25 accounting systematic uncertainty and its corresponding branching fraction at 8.4×10
−7 which is the most restrictive upper limit on D 0 → γγ to data and is approaching the SM prediction. This FCNC decay will be probed further at the next-generation flavor factories such as Belle II. 
Charmed strange baryons studies[11]
We report a search for doubly charmed baryon Ξ Invariant mass distribution of Ξcc candidates for (a) M (Λ
We also search for two exited charmed strange baryons Ξ c (3055) + signal is observed with a significance of 6.6 standard deviations including systematic uncertainty, while no signature of the Ξ c (3123) + is seen. Fig. 10 .
++ selection (left) and the M (Λ
We also study properties of the Ξ c (2645) + and measure a width of 2.6±0.2±0.4 MeV/c 2 , see Fig.11 , which is the first significant determination. 
4.2 Precise measurement of mass and width of Σ c (2455) and Σ c (2520) [12] We present the measurement of the masses and widths of the baryons states Σ c (2455) Table  3 with factor four improvement for mass measurement.
We also calculate the mass splittings M 0 (Σ Fits to the mass differences We present the first model-independent measurement of the absolute branching fraction of the Λ 
